Abstract: Maclura tricuspidata fruit contains various bioactive compounds and has traditionally been used in folk medicine and as valuable food material in Korea. The composition and contents of bioactive compounds in the fruit can be influenced by its maturity stages. In this study, total phenol, total flavonoid, individual polyphenolic compounds, total carotenoids and antioxidant activities at four maturity stages of the fruit were determined. Polyphenolic compounds were analyzed using high-pressure liquid chromatography-quadrupole time-of-flight mass spectrometry (HPLC-QTOF-MS) and HPLC. Among 18 polyphenolic compounds identified in this study, five parishin derivatives (gastrodin, parishin A, B, C, E) were positively identified for the first time in this plant. These compounds were also validated and quantified using authentic standards. Parishin A was the most abundant component, followed by chlorogenic acid, gastrodin, eriodictyol glucoside, parishin C, parishin E and parishin B. The contents of all the polyphenolic compounds were higher at the immature and premature stages than at fully mature and overmature stages, while total carotenoid was found to be higher in the mature and overmature stages. Overall antioxidant activities by three different assays (DPPH, ABTS, FRAP) decreased as maturation progressed. Antioxidant properties of the fruit extract are suggested to be attributed to the polyphenols.
Introduction
Maclura tricuspidata (Carr.) Bur (formerly known as Cudrania tricuspidata), which belongs to the Moraceae family, is a thorny tree native to East Asia, including China, Japan, and Korea. The leaves, root, stem, and fruit of this plant have been used in traditional Korean herbal medicines to treat jaundice, hepatitis, neuritis, and inflammation [1] . Over the last two decades, several beneficial effects of M. tricuspidata extracts have been reported; they include anticancer [2, 3] , anti-inflammatory [4] , antioxidant [5, 6] , oxidative stress-induced neurotoxicity [7] , anti-obesity and anti-diabetes properties [8] . Moreover, a variety of bioactive compounds such as prenylated The total ion current (TIC) chromatogram and HPLC-DAD-QTOF-MS chromatogram at 220 nm of 70% methanol extract isolated from fully mature M. tricuspidata fruit are shown in Figure 1A ,B, respectively. The characteristics of either positively or tentatively identified compounds are listed in Table 1 along with their retention time, molecular mass, molecular formula, and error values (ppm) calculated by the software and identification results based on the database. Among them, gastrodin (1) and four parishin analogues (4, 9, 11, 13) were positively identified for the first time in the fruit of this plant, whereas the other 10 compounds, including one flavanol (peak 3), one flavanone (6), six flavonols (7, 10, 12, 16, 17, 18), one anthocyanidin (14) and chlorogenic acid (5) have been previously reported in the plant [11] .
In this respect, peak [25, 26] , the molecular ions at m/z 287.0559 and m/z 447.0927 indicated that these compounds are dihydrokaempferol and kaempferol 3-O-glucoside. Both of these compounds have been previously identified in M. tricuspidata fruit extracts [26] .
Identification of Parishin Derivatives
Among the 18 phenolic compounds identified, we selected parishin metabolite gastrodin (1) and four parishin analogues (4, 9, 11, 13) for further characterizations as they are identified in the plant for the first time. (Figure 2 ), and the HPLC retention time was consistent with that of the authentic standard gastrodin. Therefore, this component was identified as gastrodin, a compound that has been previously reported as the main bioactive constituent of the traditional Chinese medicine, G. elata rhizome [27] [28] [29] . Peak 2 (at 13.51 min) showed a molecular ion peak [M − H] − at m/z 123.0448 (C 13 H 16 O 8 ), indicating that the peak corresponds to 4-hydroxybenzyl alcohol (4-HBA) and HPLC retention time was also consistent with that of the authentic 4-HBA standard. This component has also been reported previously as an important pharmacologically active constituent of G. elata rhizome [30] [31] [32] and trunk part of M. tricuspidata tree [11] . Peak 13 (at 23.71 min) was identified as parishin A by its characteristic fragment ion at m/z 727.2094 [M − H − gastrodin], which is derived from the deprotonated molecular ion (m/z 995.3076) and by comparison of the QTOF-MS data as well as HPLC retention time with its authentic standard. Peak 9 (at 21.54 min) and 11 (at 22.46 min) yielded molecular ion peaks [M − H] − at m/z 727.2093 and m/z 727.2087, respectively. These molecular ion peaks can be considered as metabolites formed by the elimination of one gastrodin moiety (m/z 268.0971) from parishin A (Figure 2 ). Peaks 9 and 11 were identified as parishin B and C, respectively, after comparison of the QTOF-MS data, HPLC retention times, and UV profiles with their authentic standards. Peak 4 exhibited a deprotonated ion at m/z 459.1143 [M − H] − due to consecutive elimination of two gastrodin moieties (m/z 536.1942) from parishin A. This compound was confirmed as parishin E by comparison of HPLC-QTOF-MS data, retention time, and UV profile with authentic standard in HPLC analysis. The structures of these six parishin derivatives identified from M. tricuspidata fruit extract in this study are shown in Figure 3 .
On the other hand, peak 8 showed a deprotonated molecular ion peak condensation of citric acid and 1-3 gastrodin subunits, and its metabolite gastrodin have never been reported previously in M. tricuspidata.
The parishin analogues, gastrodin and 4-HBA have been recognized as important bioactive constituents in traditional Chinese medicine G. elata rhizome and have anticonvulsant, analgesia, calmness, hypnosis, nootropic, and anti-brain aging functions for the central nervous system [30, 31, 33] . The pharmacological properties of G. elata rhizome are mainly attributable to the presence of parishin derivatives and their metabolites [30] [31] [32] [33] . Therefore, the parishin derivatives identified in M. tricuspidata fruit make the tree a potential candidate for similar therapeutic properties and applications. (Figure 2) , and the HPLC retention time was consistent with that of the authentic standard gastrodin. Therefore, this component was identified as gastrodin, a compound that has been previously reported as the main bioactive constituent of the traditional Chinese medicine, G. elata structures of these six parishin derivatives identified from M. tricuspidata fruit extract in this study are shown in Figure 3 . (Table 1 ). These results indicate that compounds of peak 8 and 15 are also parishin analogues. Parishin A, B, C and E, which are esters formed by the condensation of citric acid and 1-3 gastrodin subunits, and its metabolite gastrodin have never been reported previously in M. tricuspidata.
The parishin analogues, gastrodin and 4-HBA have been recognized as important bioactive constituents in traditional Chinese medicine G. elata rhizome and have anticonvulsant, analgesia, calmness, hypnosis, nootropic, and anti-brain aging functions for the central nervous system [30, 31, 33] . The pharmacological properties of G. elata rhizome are mainly attributable to the presence of parishin derivatives and their metabolites [30] [31] [32] [33] . Therefore, the parishin derivatives identified in M. tricuspidata fruit make the tree a potential candidate for similar therapeutic properties and applications.
Effects of Solvent on Extraction Yield of Parishin Derivatives
The extraction efficiency of phytochemicals from plants and plant-based foods is influenced by factors such as the chemical nature of targeted phytochemicals, polarity of solvent, extraction temperature, and extraction time. To establish effective extraction conditions for the parishin derivatives in M. tricuspidata fruit described above, different parameters such as solvent concentrations (aqueous methanol) and extraction methods (reflux, ultrasonication and shaking at room temperature) were investigated. The effects of different methanol concentrations on the extraction of parishin derivatives are shown in Table 2 . A gradual decrease of parishin A with increase in water content, especially a sharp drop in 0% methanol, can be observed in Table 2 . On the other hand, all the other compounds showed highest yields in 0% methanol. Based on the fact that parishin A is hydrolyzed to gastrodin or 4-HBA via parishins B, C and E by esterase and β- 
The extraction efficiency of phytochemicals from plants and plant-based foods is influenced by factors such as the chemical nature of targeted phytochemicals, polarity of solvent, extraction temperature, and extraction time. To establish effective extraction conditions for the parishin derivatives in M. tricuspidata fruit described above, different parameters such as solvent concentrations (aqueous methanol) and extraction methods (reflux, ultrasonication and shaking at room temperature) were investigated. The effects of different methanol concentrations on the extraction of parishin derivatives are shown in Table 2 . A gradual decrease of parishin A with increase in water content, especially a sharp drop in 0% methanol, can be observed in Table 2 . On the other hand, all the other compounds showed highest yields in 0% methanol. Based on the fact that parishin A is hydrolyzed to gastrodin or 4-HBA via parishins B, C and E by esterase and β-glucosidase enzymes that exist in M. tricuspidata fruit as the water content in the solvent system is increased [33] , we concluded that the highest yield of the other compounds in 0% methanol may not be due to an actual existence of these compounds in the fruit but due to hydrolysis of parishin A during extraction. Therefore, it can be suggested that the solvent system at which Parishin A displayed most efficient extraction (60-80%) can be considered as a preferable method. Additionally, parishin A can easily break down into gastrodin or 4-HBA via parishin B, parishin C or parishin E under aqueous high−temperature condition [34] . This particular solvent between 60% and 80% methanol also resulted in a relatively higher extraction yield compared to 100% methanol, which can be related to the hydrophilic properties of parishin derivatives. 
Method Validation
Although spectrophotometric detection for polyphenol analysis using HPLC-DAD is generally performed in the wavelength range of 240-400 nm, parishin derivatives showed that absorption maxima (λ max = 220 nm) and UV absorption was negligible at wavelengths ≥ 280 nm ( Figure 4) . As a result, the parishin derivatives were hardly detected at wavelengths above 280 nm in DAD. In this study, polyphenols in M. tricuspidata fruit were quantified by an external standard method using HPLC-DAD (220 nm). The validation data including calibration curves, R-square values, calibration ranges, LODs, and LOQs are shown in Table 3 . 
Although spectrophotometric detection for polyphenol analysis using HPLC-DAD is generally performed in the wavelength range of 240-400 nm, parishin derivatives showed that absorption maxima (λmax = 220 nm) and UV absorption was negligible at wavelengths ≥ 280 nm ( Figure 4) . As a result, the parishin derivatives were hardly detected at wavelengths above 280 nm in DAD. In this study, polyphenols in M. tricuspidata fruit were quantified by an external standard method using HPLC-DAD (220 nm). The validation data including calibration curves, R-square values, calibration ranges, LODs, and LOQs are shown in Table 3 . The calibration curves were shown to be linear in the range of 1.60-640 µg/mL for taxifolin, chlorogenic acid, eriodictyol, quercetin and kaempferol, 6.25-500 µg/mL for rutin and 6.25-400 µg/mL for the six parishin derivatives. The correlation coefficients for all tested standards showed good linearity (R 2 > 0.9990) in the tested concentration ranges. The LODs and LOQs for polyphenols determined based on signal-to-noise (S/N) ratios of 3.3 and 10 were 1.343-3.287 µg/mL and 4.079-9.924 µg/mL, respectively. The LODs and LOQs for all the components were in the ranges of 0.088-0.367 µg/mL and 0.075-1.115 µg/mL, respectively. The recovery tests were performed at three different levels of 100-300 ug/g for gastrodin, parishin B, C and A. and at 75-225 µg/g for 4-HBA and parishin E ( Table 3 ). The recoveries of gastrodin, 4-HBA, parishin C and parishin A were found to range from 100.02% to 102.94% with the standard deviations (RSDs) < 0.97%, while those for parishin E and parishin B were 98.76-99.65% with RSDs < 1.58% (Table 4 ). The overall RSDs of the inter-day and intra-day variations for the six components were not more than 10.70% and 9.57%, respectively (Table 5) . 
Effect of Ripening Degree on Bioactive Compounds

External Color and Total Carotenoid
As the change in external color of M. tricuspidata fruit skin is easily noticeable during ripening, it is considered as one of the most accurate factors used to judge the level of maturity. It is also important to state that maturation is closely related to the quality, chemical composition, consumer acceptability, and bioavailability of the fruit [26] . The harvested fruits were classified into four different groups i.e., immature, premature, fully mature and overmature according to their color by colorimeter (Table 6 ) and visual judgment of external color. The a* (redness) and b* (yellowness) values increased with the progressing of maturation, while L* (whiteness) value decreased steadily. This implies that the fruit skin changed its color from green to red with maturation. Values are mean ± standard deviation (n = 3). Different superscripts in the same column indicate significant differences (p < 0.05). L* value indicates darkness or lightness of color and ranges from black (0) to white (100). The a* and b* values indicate color directions; +a is the red direction (+100), -a is the green direction (−80), +b is the yellow direction (+70) and -b is the blue direction (−50).
Total carotenoid content also noticeably increased in the mature stages compared to the earlier maturity stages. Especially, the total carotenoid content of the fruit was considerably higher at the fully mature (33.75 ± 1.53 mg/100 g dw) and overmature (38.09 ± 2.34 mg/100 g) than at immature (7.46 ± 0.44 mg/100 g dw) and premature (9.34 ± 0.43 mg/100 g) stages (Table 6 ). The remarkable increase in total carotenoid with fruit maturation is in agreement with several previous studies. It is well established that there is a linear correlation between ripening and activity of enzymes responsible for biosynthesis of carotenoids. Such correlations have been observed in fruits such as tomato [35] and acerola [36] , where relative accumulation of carotenoids was observed during later stages of maturation. The significantly higher a* value (redness) in overmature compared to the lower maturity stages is mainly attributed to carotenoid pigments accumulated during ripening.
Individual Polyphenolic Compounds
The contents of individual polyphenols at different maturity stages are presented in Table 7 . The most abundant polyphenolic compounds at all four stages were chlorogenic acid (1402.43 ± 31.19-2583.11 ± 28.45 µg/g dw), eriodictyol glucoside (900.25 ± 35.43-1981.97 ± 55.78 µg/g dw) and rutin (255.16 ± 24.29-817.94 ± 22.18 µg/g dw) while most of the polyphenolic compounds, including these three compounds, significantly decreased as maturation progressed. Gradual decrease in phenolic compound contents depending on the stage of maturation might be associated with accumulation of soluble solid contents such as free sugars [37] and the reduction of primary metabolism in fruit at the fully mature and overmature stages, resulting in lack of substrates necessary for the biosynthesis of phenolic compounds [38] .
Parishin A was the most abundant component of the six parishin derivatives identified in all four fruit types, followed by gastrodin, parishin E, parishin B or parishin C, and 4-HBA. It can be noticed from Table 7 that the level of parishin A changed from 9179.70 ± 93.38 µg/g dw at the immature to 6273.96 ± 27.32 µg/g dw at the fully mature stage. Similarly, the other parishin analogs showed a gradual decrease with the progressing of maturation, except 4-HBA, which showed only a slight decrease. Parishin A is an ester compound formed by the condensation of three gastrodin moieties with citric acid, which has three carboxyl groups and parishin B and C or parishin E can have one or two less moieties of gastrodin than parishin A. Therefore, parishin A can be converted into gastrodin or 4-HBA via parishin B, C or E by enzymes such as esterase during the process of fruit ripening. This might have caused a relatively sharp decrease of parishin A compared to the other compounds during the fruit maturation. ND, not detected. Values are the mean ± standard deviation (n = 3). Individual compounds are expressed in µg/g dw. Total phenol content is expressed in mg GAE/100 g dw. Total flavonoid content is expressed in mg QUE/100 g dw. Different superscripts in the same row indicate significant differences (p < 0.05).
Total Phenol and Total Flavonoid
The total phenol, total flavonoid contents, and antioxidant activities of M. tricuspidata fruit extracts were determined at each maturation stage. As shown in Table 7 , the total phenol content of the fruit was higher at immature (140.73 ± 7.76 mg GAE/100 g dw) and premature (140.84 ± 4.58 mg GAE/100 g dw) stages, compared to that of fully mature (104.41 mg ± 4.64 mg GAE/100 g dw) and overmature (123.61 ± 2.91 mg GAE/100 g dw) stage.
Total flavonoids were similarly higher at immature (155.19 ±7.78 mg QUE/100 g dw) and premature (151.94 ± 7.60 mg QUE/100 g dw) stages than at fully mature (95.71 ± 3.13 mg QUE/100 g dw) and overmature (101.83 ± 0.32mg QUE/100 g dw) stages.
Our results are in agreement with a previous study on ripeness versus total phenol and total flavonoid contents in M. tricuspidata fruit by Jeong et al. [35] that reported higher total flavonoid content at unripe than ripe or over-ripe fruits with no difference observed on total phenol content among the three maturity types. Shin et al. [26] also reported a higher content of total phenol and total flavonoid at fully mature than any other maturity stages of the fruit. In the present study, both total phenol and total flavonoid content were significantly higher at immature and premature than fully mature and overmature stages. Similar findings have been reported on other fruits such as pawpaw fruit, mangoes, and Brazilian cherry [39] [40] [41] .
Antioxidant Activities
As the antioxidant activity of plant extracts and plant-based foods is largely affected by various factors, including the composition of the extract and assay methods, it cannot be fully evaluated by only one method. Therefore, it is usually recommended to perform more than one type of assay to obtain more reliable results. The antioxidant activities of M. tricuspidata fruit at four different maturity stages were determined using DPPH and ABTS free radical scavenging activities, and reducing power by FRAP assay. In order to make relative comparison of the measured values, Trolox was used as a common standard for the calibration of the methods. The results are expressed as mM Trolox equivalent (TE)/g dw. Higher TE values indicate higher antioxidant capacity in all three different assay methods. The TE values by DPPH, ABTS and FRAP assays are presented in Table 8 . The DPPH assay is based on the theory that a hydrogen donor is an antioxidant and the antioxidant effect is proportional to the disappearance of DPPH free radical in the test sample. The DPPH radical scavenging activity was significantly higher (p < 0.05) at immature and premature than fully mature and overmature stages. This is in agreement with a previous finding by Choi et al. [42] , who reported a lower DPPH radical scavenging activity (as RC 50 value) in unripe and middle ripe than ripe and overripe fruits. On the contrary, Shin et al. [26] reported higher antioxidant activity at the fully mature than at any other maturity stages. Different superscripts in the same row indicate significant differences (p < 0.05).
The ABTS assay measures the relative ability of antioxidants to scavenge ABTS radical cation by reacting with a strong oxidizing agent with the ABTS salt. The reduction of the blue-green ABTS radical by hydrogen-donating antioxidants is then measured using UV-Vis spectrophotomer. The antioxidant activity based on ABTS assay was highest at immature fruit (3.91 ± 0.16 mM TE/g dw), followed by the premature (3.54 ± 0.12 mM TE/g dw), fully mature (2.99 ± 0.07 mM TE/g dw) and overmature (2.86 ± 0.07 mM TE/g dw) fruit. The antioxidant activity by the FRAP assay is measured on the basis of the ability to reduce ferric (III) ions to ferrous (II) ions. As shown in Table 8 , FRAP antioxidant activity (TE value) was also significantly higher (p < 0.05) at immature (5.45 ± 0.06 mM TE/g dw) and premature (5.21 ± 0.09 mM TE/g), compared to fully mature (3.70 ± 0.05 mM TE/g) and overmature (4.05 ± 0.15 mM TE/g) stages. These trends are in contrast with the results obtained by Shin et al. [26] , who reported strongest FRAP activity in the fully mature stage. The different results might have been caused by differences in agronomic characteristics of the plant, sorting of fruit or extraction method. On the other hand, it can also be suggested that the stronger FRAP activity in the fully mature stage is attributed to other compounds in the fruit apart from polyphenols. Similarly, we noticed an indication of direct or indirect association between contents of polyphenolic compounds and trend in antioxidant activity of the M. tricuspidata fruit at different maturity stages. Moreover, parishin derivatives may also have contributed to the overall antioxidant properties of the fruit.
Materials and Methods
Reagents
Chlorogenic acid, taxifolin, eriodictyol, quercetin, rutin, kaempferol, 4-hydroxybenzyl alcohol (4-HBA), β-carotene, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Gastrodin, parishin A, parishin B, parishin C and parishin E were purchased from Chengdu Biopurify Phytochemicals Ltd. (Chengdu, Sichuan, China). HPLC grade deionized water, acetone and methanol were purchased from J.T. Baker (Center Valley, PA, USA). The other reagents used were of analytical grade and were purchased from Daihan Scientific Co., Ltd. (Wonju, Korea).
Plant Materials
Maclura tricuspidata fruit was collected in late October 2015 from plants cultivated in a farm located in Milyang district, Gyeongsangnam-do, Republic of Korea. Voucher specimen was deposited at the Herbarium of Department of Food Science and Technology, College of Agricultural Life Science, Chonbuk National University. Next, the fruits were divided into four different maturity stage groups i.e., immature, premature, fully mature and overmature based on their colors by colorimeter and visual appearance. The color was recorded using a Minolta CM3500d (Minolta Camera Co., Ltd., Osaka, Japan) tristimulus colorimeter. The results were expressed as L*, a* and b* values. The L* value indicates darkness or lightness of color and ranges from black (0) to white (100). The a* and b* values indicate color directions; +a is the red direction (+100), -a is the green direction (−80), +b is the yellow direction (+70) and -b is the blue direction (−50). The sorted fruits were freeze-dried. The samples were powdered and stored in a freezer (−20 • C) until use.
Sample Extraction
The powdered sample (1.0 g) was extracted with 20 mL of 70% aqueous methanol with an ultrasonicator (Hwa Shin Instrument Co., Seoul, Korea) at room temperature for 30 min and centrifuged at 4500 rpm for 15 min. The residue was extracted with 20 mL of 70% aqueous methanol followed by centrifugation as above. The supernatants were combined and evaporated under reduced pressure. The residue was typically dissolved in 10 mL of 70% aqueous methanol and diluted when necessary. In order to examine the effect of extraction solvent system on yields of parishin derivatives, powdered sample (1.0 g) was extracted in the same way as above, except different aqueous methanol concentrations (100, 80, 60, 50, 40, 30, 20 and 0%) were used. 
Quantification and Method Validation
Among 18 compounds identified in this study, 12 compounds were quantified by an external calibration method using chromatograms measured at 220 nm. Standards with the same structural chromophores were used to quantify the individual polyphenols. Accordingly, taxifolin and eriodictyol were used to quantify taxifolin glucoside (1) and eriodictyol glucoside (6), respectively. Quercetin derivatives (7, 12, 16) were quantified using quercetin and dihydrokamempferol (17) and kampferol glucoside (18) were quantified using kaempferol as a reference.
The method linearity for the quantification of each polyphenol was tested on the basis of a calibration curve, which was processed using a linear regression. The seven-point standard solutions (1.25-640 µg/mL) for polyphenols and 6.25-400 µg/mL for parishin derivatives were prepared from serial dilutions of the stock solution (1000 µg/mL) and were used for calibration according to an external method. The areas of the partially overlapped peaks were automatically calculated by the HPLC integrator. The limit of detection (LOD) and limit of quantitation (LOQ) were calculated by injecting standard solution until the signal-to-noise (S/N) ratio of each compound reached ratios of 3.3:1 and 10:1, respectively [43] . Intra-day and inter-day assays were used to determine the precision of established chromatographic conditions. The sample was extracted and analyzed in five replicates within 1 day for intra-day precision test. For the inter-day precision test, the sample was extracted and analyzed in duplicates for five consecutive days. Precisions were expressed as the relative standard deviation (RSD).
Determination of Total Carotenoid
Total carotenoid content was analyzed spectrophotometrically according to a method by Biswas et al. [44] , with some modifications. The powdered sample (1.0 g) was extracted with 10 mL of chilled acetone under sonication for 20 min at room temperature (RT) and centrifuged at 4500 rpm for 15 min at 4 • C. The residue was re-extracted with 10 mL of chilled acetone followed by centrifugation as above. Both of the supernatants were combined and filled up to a total volume of 25 mL with acetone. Absorbance was measured at 470 nm in a UV-Vis spectrophotometer. A calibration curve was plotted using authentic standard β-carotene, and the content of total carotenoid was expressed as mg β-carotene equivalent per 100 g of dried weight (mg β-CAE/100 g dw).
Total Phenol and Total Flavonoid Content
Total Phenol
Total phenol content of the sample was measured according to a method described by Chandra et al. [45] , with some modifications. Briefly, 70% MeOH extract (20 µL) of each sample was mixed with 50% Folin-Ciocalteu phenol reagent (20 µL) in 96-well plates. After 5 min, 1 N sodium carbonate (20 µL) was added to the mixture and distilled water was added to adjust the final volume to 200 µL. After incubation at room temperature in the dark for 30 min, the absorbance of test sample against a blank was measured at wavelength of 725 nm using a VersaMax ELISA microplate reader (Molecular Devices, LLC, CA, USA). Total phenol content was calculated based on a calibration curve of gallic acid. The result was expressed as mg gallic acid equivalent (mg GAE)/100 g dw.
Total Flavonoid
Total flavonoid content was measured according to a method described by Zhishen et al. [46] , with some modifications. Briefly, 70% MeOH extract (30 µL) of each sample was mixed with 30 µL of 5% sodium nitrite solution. After 5 min of reaction, 300 µL of 5% aluminum chloride was added. Then 200 µL of 1 N NaOH was added 6 min later and the total volume was adjusted to 1 mL with distilled water. The absorbance of test sample against a blank was measured at wavelength of 510 nm with a Shimadzu UV-1601 spectrophotometer (Kyoto, Japan). Flavonoid content was calculated using a calibration curve of quercetin. The result was expressed as mg quercetin equivalent (mg QUE)/100 g dw.
3.7. Antioxidant Activity 3.7.1. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) Fee Radical Scavenging Activity DPPH radical scavenging activity of the sample was determined according to a method described by Thaipong et al. [47] , with some modifications. The stock solution was freshly prepared by dissolving 24 mg DPPH in methanol (100 mL) and the working solution was prepared by diluting stock solution with methanol to obtain an absorbance of 1.1 ± 0.02 units at 517 nm using the UV-Vis spectrophotometer. The 70% methanol extract (20 µL) of M. tricuspidata fruit was added to 80 µL working solution and 100 µL Tris-HCl buffer (0.1 M). The mixture was shaken at room temperature in dark conditions for 20 min. Absorbance was measured at wavelength of 517 nm using a microplate reader and the calibration curve was linear between 15-150 µM Trolox. The results are expressed as mM TE/g dw.
3.7.2. 2,2 -Azino-bis (3-ethylbenzothiazoline)-6 sulphonic acid (ABTS) Free Radical Scavenging Activity ABTS free radical scavenging activity was determined by methods described by Thaipong et al. [47] , with some modifications. Briefly, a mixture of ABTS (7.4 mM) solution and potassium persulfate (2.6 mM) solution in 1:1 ratio was kept at room temperature for 12 h under dark conditions to form ABTS cation. The solution was diluted by adding methanol to obtain an absorbance of 1.1 ± 0.02 at 734 nm using a UV-Vis spectrophotometer. All the required solutions were freshly prepared for each assay. 100 µL of the extract was added to 1400 µL of the diluted ABTS solution and the mixture was incubated at room temperature for 2 h in the dark. After the reaction, its absorbance was measured at wavelength of 734 nm. The calibration curve was linear between 15-105 µM Trolox. Results were expressed as mM TE/g dw.
Ferric Reducing Antioxidant Power (FRAP)
Ferric reducing power was determined using FRAP assay [48] , with some modifications. The FRAP reagent was prepared by mixing 10 volumes of 300 mM acetate buffer (pH 3.6) with 1 volume of 10 mM TPTZ solution in 40 mM HCl and 1 volume of 20 mM ferric chloride solution. The sample extract (75 µL) was added to 1425 µL of FRAP reagent. The reaction mixture was incubated at room temperature for 30 min in dark conditions. Then the absorbance of the samples was measured at 593 nm. The calibration curve was linear between 15-180 µM Trolox. Results were expressed as mM TE/g dw.
Statistical Analysis
All experiments were performed in triplicate, unless otherwise indicated, and the results were expressed as mean ± standard deviation (SD). The statistical analysis was conducted with SPSS (ver. 10.1) for Windows and a one-way analysis of variance (ANOVA). Duncan's multiple range tests were carried out to test any significant differences among various fruit maturity stages. Values with p < 0.05 were considered as significantly different.
Conclusions
Secondary metabolites in plant foods are associated with various biological activities. In fruits, the composition and contents of such metabolites may vary according to maturity levels. Although fully mature M. tricuspidata fruits are usually preferably edible, total phenol, total flavonoids, individual polyphenolic compounds and antioxidant activities were observed to be higher at immature and premature stages than at fully mature and overmature stages. The present phytochemical study revealed the presence of parishin derivatives such as parishin A, B, C and parishin E, and gastrodin originating from parishin analogues in this fruit for the first time in the plant. The contents of these particular compounds were also higher at immature and premature stages than at fully mature and overmature stages with a clearly noticeable decrease of parishin A observed during the maturation. Based on this, it can be concluded that parishin A and its analogues undergo significant changes during maturation of the fruit. Although M. tricuspidata fruit is commonly used for usual food consumption at fully mature and overmature stages, this study showed that the fruit at immature and premature stages can be considered to be preferable as raw material in the production of functional foods. These findings may add valuable information for further exploration of the fruit in terms of its therapeutic and nutritional qualities at different maturity stages. 
